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THIN-FILM ACOUSTOOPTIC DEVICES WITH APPLICATIONS TO
INTEGRATED/FIBER OPTIC SIGNAL PROCESSING AND COMMUNICATIONS

INTERIM SCIENTIFIC REPORT I

Prof. Chen S. Tsai, Principal Investigator
Department of Electrical Engineering
Carnegie-Mellon University

Pittsburgh, Pa. 15213

I. RESEARCH OBJECTIVES

The general objectives of this research program are two-fold: (1) to ad-
vance the performance characteristics of thin-film acoustooptic devices with
application to spectrum analysis of wideband rf signals, and (2) to study a
group of new devices and the underlying interaction mechanisms with applications
to optical time- and frequency-division multiplexing/demultiplexing as well as
the switching/defiection of a light beam in future high data rate integrated/
fiber optic communication and signal processing systems. Although seven sub-
areas of research were suggested in the original proposal it was agreed that
for the first year the research emphasis would be placed on the first two sub-
areas, namely, very high scanning-rate light beam deflection/switching and spectrum
analysis of very wideband RF signals. Some progress on these two subareas as well
as one new subarea, namely, wideband acoustooptic interaction using optimized
anisotropic Bragg diffraction has been made during the past year. Major progress

and achievements are described in Section II.

II. MAJOR ACCOMPLISHMENTS

1. Spectrum Analysis Of Very Wideband RF Signals

As indicated in the original proposal (pages 16-17), a guided-wave A-O de-
flector using multiple surface acoustic waves is capable of performing Fourier
analysis for a large number of frequency components (channels) and, thus, con-

stitutes a key element of a wideband guided-wave A-O spectrum analyzer. Such a ™
spectrum analyzer is under development at the Wright-Patterson Avionics Labora- f Sstim

tory(l) and a number of industrial companies. The major objective for this sub- =)

area is to study various technical aspects relating to the realization of such a a

wideband A-O spectrum analyzer.
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With regard to the theoretical phase of the research, we are continuing a de-
tailed analysis using the coupled-mode approach to study the important parameters
which determines the ultimate performance characteristics such as frequency resolu- f
tion, dynamic range, channel capacity, inter- and cross-modulations, sensitivity,
efficiency, etc. of the spectrum analyzer.

With regard to the experimental phase of the research we have designed and
fabricated a high-performance multiple tilted-SAW transducer array in a Y-cut
LiNb03 optical wave-guiding layer. Acoustooptic Bragg diffraction measurement M
on this device has demonstrated a bandwidth of 500 Mz as designed (See Fig. 1).
This bandwidth is larger than that of any earlier wideband thin-film AO devices
by 150 Mz, %)
original proposal that very wideband thin-film AO devices are achievable. We have

This achievement verifies our expection as indicated in the

employed this wideband deflector to carry out some preliminary spectrum analysis
experiment. We have obtained a frequency resolution of 1.0 MHz for a light beam
aperture of 4 mm. By enlarging the light beam aperture to 1 cm we expect to in-
crease the frequency resolution to 0.4 MHz. Thus, a 500 Miz bandwidth would pro-
vide for 1250 channels. In the meantime, we are building a wideband comb generator
capable of providing 10 to 20 channels of frequency components for further experi-

mental investigation.

i Thus, during the current (second) program year we plan to continue the de-
tailed analysis referred to above, finish the construction of the multi-channel
comb generator, and carry out spectrum analyzer experiment to compare with the

results of the detailed analysis.

2. Very High Scanning-Rate Light Beam Scanning And Switching
&)

As demonstrated in our earlier study, planar AO beam deflectors in LiNbO4
substrate are capable of providing a large number of resolvable beam positions in
the random access (digital) mode of operation. The corresponding switching speed
f is, however, limited by the acoustic transit time across the light beam aperture.
For example, the 500 Miz bandwidth deflector built for the present study would
deflect a light beam of 1 cm aperture into 1250 resolvable beam positions, when

it is operated in the digital mode of operation. The corresponding switching time

between adjacent beam positions is 2.8 us. As a result, the sequential scanning

§ rate of the light beam (defined as one over the switching time) is limited to the

order of 106 spots per second. However, as indicated in the original proposal

(pages 14-16) if a linear FM rf waveform is used to drive the transducer, the same ]
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deflector can provide a scanning rate several orders of magnitude higher. This
is the so-called analog or F-M mode of operation. This enhancement in scanning
rate results from the fact that the focused Bragg-diffracted light spot sweeps

at the acoustic wave velocity in the focal plane. We have used the wideband
deflector described earlier to demonstrate this possibility and to measure a num-
ber of important device parameters such as the focal length, light spot size,
number of scanning beam positions, and scanning rate, etc.

In order to accurately measure the scanning rate of the light beam we have
inserted a series of photomasks which consist of multiple slits of various aper-
tures and spacings right in front of a photomultiplier. Typical waveforms from
the output of the photomultiplier, as displayed on a wideband oscilloscope, are
shown in Fig. 2 when a photomask of 10 um aperture and 254 um periodicity was
used. The center frequency and bandwidth of the chirp pulse employed are, re-
spectively, 430 and 120 MHz. It is seen that the width of each optical pulse is
8 ns, in agreement with the fact that the focused light spot sweeps at the SAW
velocity of 3.57 x 102 cm/sec in a Y-cut LiNbO3 substrate. The corresponding
scanning rate is 125 x 106 spots/sec. This scanning rate is 170 times larger
than that obtainable in the digital mode of operation. Although not shown in
Fig. 2, the focused light spot was scanned for a period of 400 ns for each line
of scan. Thus, the liglit beam was scanned over 50 resolvable beam positions at
the scanning rate of 125 x 106 spots/sec. Again, a considerably higher scanning
rate and a larger number of beam positions can be obtained with this wideband
deflector when a chirp generator of higher center frequency and wider bandwidth
is used.

One unique application of such a high-speed light beam deflector lies in
optical demultiplexing and multiplexing of optical pulse trains in high data
rate time-division multichannel integrated/fiber optic systems.(b) For example,
Fig. 2 clearly demonstrates the demultiplexing of a time-multiplexed composite
data rate of 125 x 10° bits/sec into 50 channels, each with a data rate of
2.6 x 106 bits/sec. Other potential applications include high speed multiport

(3)

beam switching and optical data recording/read-out. A paper based on the re-

sults described was presented at the 1978 Topical Meeting On Inteprated And
Guided-Wave Ogtics.(s) (Please see Appendix A).

During the current program year we plan to explore various means for further

utilization of this wideband deflector to obtain an even higher scanning rate.
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3. Guided-Wave Anisotropic Acoustooptic Bragg Diffraction

As indicated in the original proposal (page 17), anisotropic acoustooptic
Bragg-diffraction in which the polarization of the diffracted light is orthogonal
to that of the undiffracted light possesses inherent advantages. Two major
inherent advantages are the possibilities of very large device bandwidth and
reduction of background noise resulting from the undiffracted light. Such advan-

tages are highly desirable in various applications(B)

including multiport light
beam deflection/switching, spectrum analysis of very wideband rf signals, pro-
cessing of wideband rf signals, and optical multiplexing/demultiplexing. We have
most recently carried out, under the joints sponsorship of this AFSOR contract
and an NSF Grant which expired on September 30, 1977, some preliminary experimental
study on optimized anisotropic Bragg diffraction involving optical modes of
orthogonal polarizations in Y-cut Ti-diffused LiNbO3 waveguides. We have demon-
strated experimentally that indeed efficient wideband light beam deflection at
6328 g is achievable using SAW of 7 mm aperture and 400 MHz center frequency.

The measured bandwidth is 222 MHz which is a seven-fold increase over that based
on isotropic Bragg diffraction (See Fig. 3). A paper based on the results

described above was presented at the 1977 International Conference On Integrated

Optics And Optical Fiber Communications(6) (Please see Appendix B).

During the current program year we plan to explore means to utilize

anisotropic Bragg diffraction for wideband AO spectrum analysis.

4, Improvement In Fabrication Capability

As indicated in the original proposal (page 2), the results of our earlier
study have shown that guided-wave AO Bragg devices of large diffraction efficiency-
bandwidth product can be realized by employing either tilted or phased SAW or a
combination of both. We have also shown that even larger diffraction efficiency-
bandwidth product can be realized by increasing the center frequency of the trans-
ducers so that the penetration depth of the SAW matches that of the optical wave-
guide. Therefore, SAW transducers of higher center frequency are required for
further research on guided-wave acoustooptics. For this purpose we have improved
the resolution capability of our photolithographic facility. We now have the
capability to fabricate transducers with center frequency up to 600 MHz. With
regard to optical waveguides, we have perfected the skills for fabricating high-

quality in-diffused LiNbO. optical waveguides of a few micrometers penetration

3




depth. We have also established our facility and perfected the skills for fabri-

cating channel waveguides of 3 um separation in LiNbO3 and glass substrates.

During the current program year we plan to further improve the facility so that

transducers of even higher center frequency and channel waveguides of smaller

separation and higher precision may be fabricated.

III.
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optimized anisotropic Bragg-diffraction (TMo Mode
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(b) Frequency response of the diffracted light power for
isotropic Bragg-diffraction(TEo Mode diffracted

into TEo Mode),




(A) (B)

e

Fig. 3 VERY HIGH-SPEED LIGHT BEAM SCANNING USING GUIDED-WAVE
ACOUSTIC BRAGG-DIFFRACTION AND RF CHIRP WAVEFORM

Scanning Rate: 125 x 106 Spots Per Second

Number Of Resolvable Beam Positions: 50

Time Scales: (A) 50 nsec Per Major Scale
(b) 20 nsec Per Major Scale




b,
%

»

-

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)
READ INSTRUCTIONS
" REPORT DOCUMENTAT“)NPAGE lll'll"()l\‘l'L)('()MI‘I.I".'I'ING FORM
1. REPORT NUMBE.N 2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER
AFOSRTR- 78-0626 _ |
4. TITLE (and Subtitle) . - 5. TYPE OF REPORT & PERIOD COVERED
THIN-FILM ACOUSTOOPTIC DEVICES WITH APPLICATIONS 1/1/7§“feié731/77 )
TO INTEGRATED/FIBER OPTIC SIGNAL PROCESSINGS - | enrommna ohe SR OREER
AND COMMUNICATIONS : ; :
7. AUTHOR(s) 8. CONTRACT.OR GRANT NUMBER(s)
Professor Chen S. Tsai AFOSR Grant 77-3187 4%
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK

AREA & WORK UNIT NUMBERS

Department of Electrical Engineering
Carnegie-Mellon University /// ~ 61102F \
Pittsburgh, PA 15213 » (- Reoject-ask 2000/CL
11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE /
Alr Force Office Of Scientific Research (NE) T3 Nﬁi:::iiikﬁzza
Bolling AFB, D.C. 20332 Bldg 410 9
14. MONITORING AGENCY NAME & ADDRESS(if dilferent from Controlling Oflice) 15. SECURITY CLASS. (of this report)
Unclassified
1Sa. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Repert)

Approved for public release; distribution unlimited

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if dillerent {rom Report)

18. SUPPLEMENTARY NOTES

A}

19. KEY WORDS (Continue on reverse side if necessary and identlly by block number)

Thin-Film (Guided-Wave) Acoustooptic Devices, Multiple Surface Acoustic Waves,
Integrated/Fiber Optics, Acoustooptic Spectrum Analyzer, Very ligh Scanning-
Rate Light Beam Deflection/Switching, Digital/Analog Mode of Operation,
Isotropic/Anisotropic Bragg Diffraction, Acoustooptic Signal Processors

20. ABSTRACT (Continue on reverse side If necessary and identily by hlock number)

Research emphasis for the first program year was placed on the utilization
of the wideband guided-wave (thin-film) acoustooptic deflector for spectrum
analysis and very high scanning-rate light beam deflection/switching using
analog modenof operation. For this purpose a very wideband deflector in a
Y-cut LiNbO3 Ti-diffused waveguide was designed and fabricated. This deflector
employs a three-element tilted-array transducer with the center frequencies of

DD %% 1473  €oimion oF ' Nov 6315 OBSOLETE UNCLASSIFIED




UNCLASSIFIED ple ]

e Qv
/, _LUHITV CLASSIFICATION OF THIS PAGE(IWhoen DNata Inf«rnd) o - fﬁ {

w

e ——

20.

LN

53

-

275, 432 and 648 Mz, and yas a measured deflector bandwidgth of
500 MHz. This bandwidth represents the largest that has/been
achieved thus far. A frequency resolution of 1.0 MHz yas measured
in a spectrum analysis experiment using a He-Ne (6328 A) laser light
beam of 4 mm aperture. In the light beam scanning experiment, a
scanning rate of 125 X\%Qg spots/sec for 50 spots has been
achieved. This scanning rate is 170 times larger than that
obtainable in the digital mode of operation. Some preliminary
experimental study on optimized anisotropicyBragg diffraction
involving optical modes of orthogonal polarizations was also
carried out. A measured bandwidth of 222 MHz which repr its a

q seven-fold increase over that based on isotropic Bragg diffraction

has been demonstrated. Finally, some improvement in the facility
for surface acoustic wave transducer fabrication was also made.

X

\

|

UNCLASSIFIED




